Various 2-substituted 5-methoxy-4-benzyloxazoles 6 and 9 were obtained from tyrosine and m-tyrosine derived amides 5 and 8 by treatment with phosphoryl chloride. A mechanism is proposed in order to explain the observed steric effects of the substituents in 2-position.
Introduction
Oxazoles are interesting from both a pharmacological and a chemical point of view. For example, they are known to interact with various proteins such as sodium-dependent excitatory amino acid transporters [1] or DNA repair protein OG-alkylguanine DNAalkyl-transferase [2] , and furthermore, they display bacteriostatic [3] and antiinflammatory activity [4] . Additionally, oxazoles provide useful entries into the synthesis of other heterocyclic compounds such as pyridines [5] , α-amido oximes [6] , and azlactones [7] . Since the seminal finding by Reeve and Paré [8] that acylamidophenylalanine esters 1 can undergo a cyclization to the oxazole 3 instead of the desired dihydroisoquinolines 2 under Bischler-Napieralski conditions [9] (Scheme 1), this reaction was observed by several groups [6, 10] . The electronic influence of substituents at the phenyl moiety has been explored to some extent [10b, 10c], however, substituent effects at the amide function remained unclear. Herein we wish to disclose our studies on this reaction in more detail.
Results and Discussion
As shown in Scheme 2, methyl L-O-methyl-tyrosinate (4) was first N-acylated with 1.1 equivalents of the respective acid chloride in pyridine at 0 • C. The mixture was then kept at r. t. for 16 h and after workup, the amides 5a -h were obtained in 65 -93% yield Presented in part at the 7 th Conference on Iminium Salts (ImSaT-7), Bartholomä/Ostalbkreis, September 6 -8, 2005. 0932-0776 / 06 / 0400-0420 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Possible products from acylamidophenylalanine esters 1 under Bischler-Napieralski conditions. EDG = electron donating group. Scheme 2. Bischler-Napieralski reaction of methyl L-Omethyl-tyrosinate (4) to oxazoles 6. ( Table 1 ). Subsequent treatment of 5 with an excess of phosphoryl chloride at 95 • C following the procedure by Saxena [11] yielded the 5-methoxy-4-benzyloxazoles 6. The course of reaction was followed by GC, and the reaction mixture was worked up immediately after the starting material could not be detected any more. In the cases of aliphatic acid chlorides, the yields of the oxazoles 6a -c decreased with steric bulkiness of the alkyl substituent from 50% for 2-ethyl and 2-pentyl-substituted oxazoles 6a, b (entry 1, 2) to only 28% for 2-tert-butyloxazole 6c (entry 3).
Benzyloxymethyl-substituted oxazole 6d was also isolated in 40% yield without any problems (entry 4). We were therefore curious whether the cyclization of chiral amide 5e derived from O-benzyl (R)-lactate would retain its stereochemistry during oxazole formation. As a further derivative with a quaternary carbon atom the benzyloxymethyl-substituted amide 5f was tested in the Bischler-Napieralski reaction. However, not even a trace of the desired oxazoles 6e and 6f could be detected (entries 5, 6) . In contrast, the pchlorophenyl-substituted amide 5g reacted smoothly to afford the oxazole 6g (entry 7), while the tert-butyl glyoxylate-derived amide 5h did not give the target oxazole 6h (entry 8).
Under similar conditions rac methyl 3-methoxyphenylalaninate (7) was converted with benzoyl chloride to the corresponding benzamide 8 in 92% yield (Scheme 3). Subsequent treatment with an excess of phosphoryl chloride in toluene at 100 • C in analogy to conditions by Chakravorti [12] yielded the oxazole 9 in 63% yield. It should be noted that we did not detect any trace of the corresponding 3,4-dihydroisoquinolinecarboxylate. This finding is in clear contrast to observations by Saxena [11] , who found exclusively the 3,4-dihydroisoquinolinecarboxylate under similar reaction conditions.
As shown in Scheme 4, two mechanistic proposals may be drawn for the oxazole formation. According to Fodor [13] nitrilium cations such as 10 are intermediates in Bischler-Napieralski reactions. Thus, via path A, amide 5 is converted to 10, which is intramolecularly attacked by the carbonyl group of the ester moiety to give intermediate 11. The latter is deprotonated to yield oxazole 6. In path B, initial formation of the chloroiminium ion 12 analogous to the VilsmeierHaack reaction [14] is proposed. Intramolecular nucleophilic attack of the ester moiety should lead to the tetrahedral intermediate 13. Further elimination of HCl and deprotonation should give the oxazole 6. The sensitivity of the oxazole formation towards steric effects may be taken as evidence for mechanism B rather than A. The linear nitrilium cation 10 should be less prone to steric hindrance by the substituent R as compared to the tetrahedral intermediate 13.
In conclusion, we found some steric influence of the amide substituent in the phosphoryl chloride-mediated cyclization of tyrosine derivatives 5 and 8 to the oxazoles 6 and 9. While linear substituents like ethyl, npentyl or benzyloxymethyl (5a, b, d) react without difficulty, a branch at the α-C atom as in amides 5c, e, f either clearly diminished the yield of the corresponding oxazole 6 or led to decomposition.
Experimental Section

General information
The following compounds were prepared according to literature procedures: benzyloxyacetyl chloride [15] , (R)-2-D-benzyllactic acid chloride [16] , 2-benzyloxy-2,2-dimethylacetyl chloride [17, 18] , and tert-butyl-chloroglyoxylate [19] . Commercial reagents were used without further purification unless otherwise indicated. Phosphoryl chloride was distilled, pyridine and toluene were distilled from CaH 2 prior to use. Reactions were performed in oven-dried glassware under N 2 atmosphere. 
General procedure for the preparation of amides 5, 8, as described for methyl O-methyl-N-propionyltyrosinate (5a): In a Schlenk flask methyl (S)-O-methyltyrosinate (4)
(499 mg, 2.38 mmol) was dissolved in pyridine (7 ml). After cooling with an ice bath, propionyl chloride (0.23 ml, 242 mg, 2.62 mmol) was added via syringe. The resulting slurry was allowed to warm to r. t. (16 h ) and concentrated to give a colorless, waxy solid. The solid was purified by filtration through 25 g neutral aluminium oxide with ethyl acetate (EtOAc) to give 5a as colorless crystals (515 mg, 1.94 mmol, 82%). R f = 0.14 (hexanes/EtOAc = 3 : 1). General procedure for the preparation of oxazoles 6, as described for 2-ethyl-5- methoxy-4-(4-methoxybenzyl)-1,3 oxazole (6a): In a Schlenk flask 5a (100 mg, 0.38 mmol) was dissolved in phosphoryl chloride (2.5 ml, 27 mmol). The reaction mixture was heated at 95 • C for 25 min, cooled to r. t. and poured into an ice-cold saturated NaHCO 3 solution (50 ml), and further NaHCO 3 was carefully added to adjust pH 8. After warming to r. t., the mixture was stirred for 15 min and was then extracted with dichloromethane (3 × 30 ml). The combined organic layers were washed with brine (2 × 50 ml), dried (Na 2 SO 4 ), and concentrated. The pale yellow liquid was purified by chromatography on basic aluminium oxide (10 g 
Methyl (S)-N-[(2S)-2-(benzyloxy)propanoyl]-O-methyltyrosinate (5e):
Methyl (S)-N-(4-chlorobenzoyl)-O-methyltyrosinate (5g):
